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1
COUPLER KNUCKLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of coupler
knuckles for use in coupling railroad cars and more particu-
larly to a coupler knuckle designed to be stronger, have
improved resistance to fatigue and have improved force
handling characteristics.

2. Brief Description of the Related Art

Railroad vehicles are generally connected together with
couplers. Railroad couplers are typically constructed to
railroad standards so that couplers used on railroad cars may
be coupled together, even if produced by different manu-
facturers. Common knuckles are American Association of
Railroads (“AAR”) Standard E and F type railroad car
couplers, and, in particular, the knuckles used in these
couplers.

Railcar couplers are disposed at each end of a railway car
to enable joining one end of such railway car to an adja-
cently disposed end of another railway car. The engageable
portions of each of these couplers are known in the railway
art as a knuckle. For example, railway freight car coupler
knuckles are disclosed in numerous U.S. patents, such as, for
example, including in the following U.S. patent documents:
U.S. Pat. Nos. 461,312; 533,985; 693,998; 2,689,051; 2,088,
135; 4,024,958, 4,206,849; 4,605,133, 5,582,307, 8,297,455
and U.S. patent application no. 2009/0289024. In addition,
lightweight railway freight car coupler knuckles are dis-
closed in U.S. Pat. Nos. 5,954,212 and 6,129,227.

Coupler knuckles are generally manufactured from cast
steel weighing approximately 84 Ibs. The cast steel used is
grade E, tensile strength 120,000 psi, yield strength of
100,000 psi, elongation of 14%, reduction of area 30%.
These knuckles fatigue crack over time, which eventually
leads to knuckle failure.

Knuckle failure accounts for about 100,000 train separa-
tions a year, or about 275 separations per day. Most of these
separations occur when the train is out of a maintenance
area. In such cases, a replacement knuckle, which can weigh
about 80 pounds, must be carried from the locomotive at
least some of the length of the train, which may be up to 25,
50 or even 100 railroad cars in length. The repair of a failed
coupler knuckle can be labor intensive, can sometimes take
place in very inclement weather, can cause train delays and
delays and, due to its excessive weight, subjects the carrier
or carriers to potential lifting related injuries.

The front core of a knuckle is commonly referred to as the
finger core. The finger core is commonly constructed to
produce an internal cavity having thin ribs. These ribs made
out of the standard grade E cast steel have demonstrated a
weakness to the load environment with the development of
fatigue and/or hot tear cracks. The fatigue cracks can grow
over time and eventually lead to knuckle failure which
results in separation of railcars. Separately, internal or
external cracks in the knuckle are a cause for replacement of
the knuckle. The rear core of a knuckle is commonly referred
to as the kidney core. Knuckles can sometimes break within
this portion of the knuckle and this has proven to be a very
undesirable location for a failure. A failure in this region of
the knuckle can lead to knuckle jamming within the coupler
body and prevent a change out of a failed knuckle, thereby
requiring the entire coupler assembly to be replaced, a very
costly repair.

The core of the finished knuckle is generally seen as a
cavity in the knuckle. However, it is the practice of a knuckle
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that is cast to cast the knuckle around a core. The common
practice is to utilize a core within the casting, and then break
the core apart when the knuckle has been cast. This practice,
aside from being time consuming, generally requires precise
positioning of the core, such as, in a jig, and that the core
remain in position during the casting process. The present
methods used for forming knuckles have drawbacks and are
known to produce failures in the final product when the core
is misaligned or has shifted during the forming process.

There is a need for a process for producing a knuckle that
may be done with improved precision and less waste, and for
a knuckle having improved capabilities for handling forces
and having improved strength or fatigue life.

In addition, there is a need for a lightweight knuckle that
is lower in weight than conventional knuckles and with
strength or fatigue life similar to or exceeding those of
heavier knuckles, where the lightweight knuckle operates to
be the weak link in the coupler system and fail under high
loading conditions.

SUMMARY OF THE INVENTION

An improved coupler knuckle is provided. The improved
coupler knuckle is designed to facilitate handling of force
loads transmitted to the coupler knuckle through compo-
nents of the coupling system, the vehicle to which the
coupler is associated and other coupler knuckles (e.g., of an
adjacent vehicle) that are in engagement with the coupler
knuckle.

The improved coupler knuckle has improved force han-
dling properties.

It is an object of the invention to produce an improved
coupler knuckle that has an interior construction to facilitate
improved force handling and transmission of force loads
through the knuckle, including from one end of the knuckle
to the other.

It is another object of the invention to provide an
improved knuckle and a process for producing an improved
knuckle, where the knuckle has increased fatigue resistance
and improved strength.

It is another object of the invention to produce a knuckle
that has a plurality of spaced apart layers in the knuckle
interior which are separated by cavities.

It is another object of the invention to produce a knuckle
that has improved strength without adding to the weight of
the knuckle.

It is another object of the invention to provide an
improved lightweight knuckle that is suitably strong while
also still allowing the knuckle to handle stress and force
loads imparted thereon by the railway vehicle, its contents
and adjoining vehicles or engines.

It is another object of the invention to provide an
improved knuckle that is reduced in weight while having
equal or, preferably greater, fatigue resistance.

These and other advantages are provided by the invention.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1 is a perspective view of a knuckle constructed in
accordance with the invention;

FIG. 2 is a right side elevation view thereof;

FIG. 3 is a front elevation view of the tail thereof;
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FIG. 4 is a top plan view thereof;

FIG. 5 is a vertical sectional view thereof taken along the
section line 5-5 of FIG. 4.

FIG. 6 is a transverse sectional view thereof, taken along
the section line 6-6 of FIG. 2.

FIG. 7 is a sectional view thereof taken through the
section line 7-7 of FIG. 4, as viewed in perspective looking
from the nose.

FIG. 8 is a sectional view thereof, in perspective, taken
through the section line 8-8 of FIG. 1.

FIG. 9 is a sectional view of a preferred embodiment of
a knuckle according to the invention, shown installed in a
coupler head.

FIG. 10 is a sectional view of the knuckle embodiment
and coupler head shown in FIG. 9, but illustrating force
handling in a preferred knuckle configuration.

FIGS. 11-20 are illustrations showing a knuckle according
to the invention represented in a von-Mises stress evalua-
tion, with FIGS. 11,13,15,17 and 19 show stress results for
a knuckle according to the present invention, and wherein
FIGS. 12,14,16,18 and 20 show stress results for a prior art
type E coupler knuckle.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1-8 illustrate a preferred embodiment of a coupler
knuckle 110 in accordance with the invention. The coupler
knuckle 110 may be constructed through prior methods, or,
preferably from the method illustrated and described in our
co-pending U.S. patent application Ser. No. 14/171,700,
filed on Feb. 3, 2014, for a process for producing a coupler
knuckle and improved coupler knuckle, the complete con-
tents of which are herein incorporated by reference. The
coupler knuckle 110, according to a preferred embodiment,
has an improved interior configuration for facilitating
improved force handling. According to preferred embodi-
ments, the knuckle 110 is configured to evenly distribute
forceloads through the knuckle to reduce stresses and
improve resistance to fatigue. The coupler knuckle 110 is
illustrated in the drawing FIGS. 1-8. The coupler knuckle
110 includes a force handling structure, which preferably
has one or more transverse layers that span across the
knuckle interior, and which are separated by cavities. Refer-
ring to FIGS. 6-8, the knuckle 110 is shown according to a
preferred embodiment having a plurality of interior cavities,
including nose cavities, such as the nose cavities 121,124
and 128 and a tail cavity 135. In addition, nose cavities
122,125 are provided, and are located on an opposite side of
arespective wall 123,126 (FIG. 7) respectively, and opposite
of the respective nose cavities 124,121 (FIG. 8).

The knuckle 110 preferably is constructed with an
improved force handling construction, which preferably,
includes a plurality of layers 115,116,117,.118 which are
separated by cavities therebetween, including the cavities
124,125,128,121,122, as may be best viewed in FIGS. 5
through 8. The layers include an upper layer 115 which is
shown forming an upper surface of the top of the knuckle
110, and a lower layer 118 forming a lower surface of the
bottom of the knuckle 110. A first wall section 126 separates
the upper cavities 124,125, and a second wall section 123
separates the lower cavities 121,122. A mid cavity 128 is
shown between the mid layers 116,117. According to a
preferred embodiment, the mid layers 116,117 are disposed
for alignment in a direction of anticipated and expected
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pulling forces, when the knuckle 110 is employed on a
railroad car coupling, and a pulling force is exerted on the
knuckle 110.

Referring to FIG. 5, according to a preferred embodiment,
the first mid layer 116 is shown disposed for alignment with
the upper portion 160 of the tail or tail section 130, and the
second mid layer 117 preferably is disposed for alignment
with the lower portion 161 of the tail or tail section 130.
Preferably, the knuckle 110 includes an upper wall 162 and
a lower wall 163 which preferably extend from the nose
section 120 to the tail section 130. A cavity 135 is provided
in the tail section 130, and the tail section 130 has an
opening 147 therein. The tail cavity 135 connects with a
cavity or channel 136, which is shown communicating with
a nose cavity, and preferably the mid cavity 128. A first
sidewall portion 166 (FIG. 5) and second sidewall portion
167 (FIG. 2) are provided between the nose portion 120 and
tail portion 130, and are shown defining the channel or
cavity 136. The layers 115,116,117,118, according to a
preferred configuration, are transversely spaced apart and
separate the cavities in the knuckle 110, with adjacent layers
defining a cavity therebetween. The coupler knuckle 110
also has a locking face 119 provided at the tail portion 130.

As shown in FIG. 1, the coupler knuckle 110 has a
plurality of openings 141,142,143,144,145 provided in the
nose section 120. The openings 141,142,143,144,145,
respectively, communicate with and open into the respective
nose cavities 124,125,121,122 and 128. Referring to FIG. 3,
the knuckle 110 is shown having openings 131,132,133
providing on or near the throat wall 146.

The knuckle 110 has a pin bore 150 formed therein. As
shown in FIGS. 5 and 8, the pin bore 150 extends vertically
through the nose area of the knuckle 110 and, in the
embodiment illustrated, is formed in each of the spaced apart
layers 115,116,117,118, each respective layer being shown
with a bore 1504,1505,150¢,150d, respectively, provided
therein. The bores 150a,1505,150¢,1504d are aligned to form
a continuous pin bore 150 extending through the knuckle
110. In the embodiment of the knuckle 110 illustrated, the
cavities 124,128,121 are shown communicating with the pin
bore 150. A flag hole 170 is provided in the knuckle 110 and
preferably extends into the top layer 115 thereof. Referring
to FIGS. 6, 7 and 8, the flag hole 170 may extend into the
knuckle 110 and preferably may be formed by a plurality of
holes 1704,1705,170¢ provided in the respective layers
115,116,117. The flag hole 170 may extend to or into the
lower layer 118, but not through it, while in alternate
embodiments, the flag hole 170 may pass through the bottom
of the knuckle 110, or into it without extending through it.

Pulling lugs 178,179 are provided on the tail section 130.
According to a preferred embodiment, the upper pulling lug
178 is provided at the tail section upper portion 160 and is
illustrated being transversely aligned in a pulling direction
and being aligned with the first mid layer 116. The lower
pulling lug 179 is provided at the tail section lower portion
161 and is illustrated being transversely aligned in a pulling
direction and being aligned with the second mid layer 117.
The upper lug 178 is shown connected to the upper wall 162
and the lower lug 179 is shown connected to the lower wall
163. According to the preferred embodiment illustrated, the
upper lug 178 is shown spaced apart from the lower lug 179,
and preferably is spaced by the channel 136.

According to a preferred construction, the transverse
layers 115,116,117,118 are provided along a path parallel to
the anticipated force direction that the knuckle 110 handles
when a pulling force is applied to the knuckle 110. The
arrangement of the interior layers 115,116,117,118 of the
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knuckle 110 preferably allows force loads to be handled
through the knuckle in preferred directions.

Referring to FIG. 9, a knuckle 110" is illustrated shown
installed on a coupler head 210. The example of a coupler
head 210 is shown to illustrate an environment showing how
the knuckle 110, 110" may be used. The knuckle 110' may be
constructed as shown and described in accordance with the
knuckle 110. The knuckle 110" has lugs 178',179' of the tail
section 130" which engage with the coupler head 210.
Preferably, as shown, the knuckle 110' has an upper pulling
ridge 180" and lower pulling ridge 181' which form upper
and lower recesses 182',183'. The coupler jaws 211,212 are
shown respectively disposed in the upper and lower recesses
182',183' formed by the upper and lower ridges 180',181,
respectively at the top and bottom of the knuckle 110'. The
coupler 210 also has a tail engaging upper shoulder 214 that
engages with the upper lug 178' and a lower shoulder 215
that engages with the lower lug 179'. A pin 213 is shown
extending through the coupler jaws 211,212 and the knuckle
110' to pivotally connect the knuckle 110' with the coupler
head 210. As shown in FIG. 10, a preferred force handling
is accomplished through the coupler knuckle 110, which is
shown in an exemplary arrangement with a coupler head 210
to illustrate preferred force handling for the knuckle 110'
illustrated. The illustration of FIG. 10 is an example of force
directions handled through a knuckle 110'. The force han-
dling includes a first force directional component or path
represented by the double arrow “A”. A second force han-
dling directional component or path is shown represented by
the double arrow “B”. A third or mid directional component
or path is shown represented by the double arrow “C” and
a fourth or mid directional component or path is shown
represented by the double arrow “D”. The preferred force
handling configuration allows for linear loading between the
internal ribs or mid-layers 116',117' and draft lugs 178',179'".
The preferred configuration facilitates equalization of load
distribution between interfaces.

According to some preferred embodiments, knuckles
according to the invention provide improved force handling.
Iustrations of force handling utilizing the stress indication
provided by the von-Mises stress test are represented in the
illustrations depicted in FIGS. 11 through 20, where FIGS.
11,13,15,17 and 19 show stress results for a knuckle accord-
ing to the present invention, and wherein FIGS. 12,14,16,18
and 20 show stress results for a prior art type E coupler
knuckle.

According to a preferred construction, the coupler
knuckle is made from a suitably strong material. One
material is steel, and preferably grade E steel. According to
some preferred embodiments, the coupler knuckle is made
from austempered metal, such as, for example, austempered
ductile iron, austempered steel, as well as other austempered
metals and austempered metal alloys. The coupler knuckle
made from austempered ductile iron (ADI) may be produced
using a suitable austempering process. For example, austem-
pering of ductile iron may be accomplished by heat-treating
cast ductile iron to which specific amounts of nickel, man-
ganese, molybdenum, or copper, magnesium or combina-
tions thereof have been added to improve hardenability.
Austempered steel and other austempered metals and
austempered metal alloys, may be produced by any suitable
austempering process.

According to one embodiment, the knuckle has improved
fatigue-resistance and is lighter in weight than existing
current knuckles. When constructing the coupler knuckle
from an ADI having a specific gravity of about 0.26 Ibs/in"3,
the density is less than that of grade E cast steel, 0.283
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Ibs/in"3 and a weight reduction of about 8% may be
achieved using the ADI to construct the knuckle 110 versus
using grade E cast steel.

According to an alternate embodiment, the knuckle 110
may be constructed from austempered steel. Austempered
steel is produced by a suitable austempering process. For
example, austempering of steel may be accomplished by
heat-treating cast steel to which specific amounts of chro-
mium, magnesium, manganese, nickel, molybdenum, or
copper, or combinations thereof, have been added to
improve hardenability; the quantities of the elements needed
to produce the austempered steel from the cast alloy steel are
related to the knuckle configurations and, for example, may
depend on the thickest cross-sectional area of the knuckle.

According to alternate embodiments, the knuckle 110
may be formed using a molding process where the molten
material is added to a mold. According to one embodiment,
the knuckle 110 is constructed by forming a wax casting,
where the wax is coated with a suitable material that can
receive the molten metal. The wax is then removed from the
coating that becomes the mold, and molten material is then
introduced into the coating. The material may be subject to
a suitable austenitizing process to produce a knuckle made
from austempered metal.

Alternatively, the knuckle 110 may be formed by an
alternative process that involves constructing a mold that is
the shape of the knuckle 110, where the mold is formed from
a material that is designed to disintegrate when contacted
with the molten material that is to form the knuckle 110. A
preferred method is set forth in co-pending U.S. patent
application Ser. No. 14/171,700, filed on Feb. 3, 2014, for a
process for producing a coupler knuckle and improved
coupler knuckle. One preferred method involves forming the
mold that resembles the knuckle 110, where the mold has the
same and shape and volume of the knuckle 110 to be
produced. The mold may be formed using injection molding,
three dimensional (3-D) printing or other suitable procedure.
The mold resembling the knuckle 110 in shape and volume
is then coated with a coating that covers the interior and
exterior surfaces of the mold. The coating may be applied
one or more times, and may be applied by brushing, spray-
ing, immersing, or other suitable application process. The
mold interior spaces that are to remain as cavities in the
formed knuckle 110 preferably are filled with an inert
material, such as sand. The material that is to form the
knuckle 110 is then introduced into the mold to contact the
disintegratable mold material forming the mold, and the
molten metal occupies the space that the mold previously
had. The mold coating, which is made from a material that
does not melt or degrade when exposed to the molten metal,
remains and contains the molten metal. According to this
method, preferably, the mold that is within the coating
disintegrates by decomposing to form by products, such as
a gas that passes through the coating. The molten metal may
be subjected to an austenitizing process. Once the molten
material used to form the knuckle 110 has been allowed to
cure, then the knuckle 110 may be broken away from the
coating to provide a formed product.

Although preferred methods for constructing the knuckle
110 are provided, alternate methods may be used to form the
knuckle 110. Methods that involve the use of cores placed in
a jig, although less preferred than other methods, may be
used to form the knuckle 110.

These and other advantages may be realized with the
present invention. While the invention has been described
with reference to specific embodiments, the description is
illustrative and is not to be construed as limiting the scope
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of the invention. The knuckles according to the invention
preferably also may be constructed to have improved surface
finishes to provide higher fatigue strength. Preferred
embodiments may be provided having a surface finish of
125-175 RMS. According to some preferred embodiments,
the knuckles 110,110' may be constructed having wall
thicknesses preferably from between about 0.25 in. and
about 1.5 in., and more preferably from between about 0.25
in to 1.25 in. In addition, according to some preferred
embodiments, the coupler knuckles according to the inven-
tion may be constructed having the advantages discussed
herein and meet the AAR specification, M-216. Coupler
knuckles according to some embodiments may be con-
structed to weigh about 25 1bs. less than standard knuckles,
which for example weigh 85 Ibs. For example, a 60 Ib.
knuckle according to the invention may result in a savings
of 50 1b. per car, allowing for more payload. The knuckles
of the invention although constructed to be lower in weight
preferably also are stronger and less resistant to fatigue.
Various modifications and changes may occur to those
skilled in the art without departing from the spirit and scope
of the invention described herein and as defined by the
appended claims.

What is claimed is:

1. A coupler knuckle comprising:

a nose section;

a tail section,
the tail section having an opening therein;

at least one cavity formed in said tail section which
communicates with said opening in said tail section;

a bore extending through a transverse length of the
knuckle from said knuckle nose section to said knuckle
tail section;

at least one nose opening in said nose section;

at least one tail opening in said tail section;

wherein said at least one nose opening communicates
with said transverse bore in said nose section and
wherein said at least one tail opening communicates
with said transverse bore in said tail section;

a pin bore disposed in said nose section;

wherein said pin bore communicates with said at least one
cavity and with said opening in said tail section;

a plurality of transverse layers formed in the nose section,
an upper pulling lug;

a lower pulling lug;

wherein said upper pulling lug and said lower pulling lug
are provided on the tail section;

wherein said upper pulling lug is aligned in the same
transverse plane as at least one of said plurality of
transverse layers, and
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wherein said lower pulling lug is aligned in the same
transverse plane as at least one other one of said
plurality of transverse layers.

2. The coupler knuckle of claim 1, wherein said wherein
said coupler knuckle is constructed from grade E steel.

3. The coupler knuckle of claim 1, wherein said coupler
knuckle is constructed from an austempered material.

4. The coupler knuckle of claim 3, wherein said austem-
pered material is austempered metal.

5. The coupler knuckle of claim 4, wherein said austem-
pered metal is austempered ductile iron.

6. The coupler knuckle of claim 5, wherein said austem-
pered ductile iron comprises ductile iron alloyed with one or
more metals selected from the group consisting of nickel,
molybdenum, manganese, copper and mixtures thereof,
wherein said ductile iron alloyed with said one or more said
metals is austempered to produce said coupler knuckle.

7. The coupler knuckle of claim 4, wherein said austem-
pered metal is austempered steel.

8. The coupler knuckle of claim 4, wherein said austem-
pered metal is selected from the group consisting of austem-
pered ductile iron, austempered steel and austempered alloy
steel.

9. The coupler knuckle of claim 1, wherein said pin bore
is formed in each of said transverse layers, and wherein the
respective pin bores in each transverse layer are aligned to
form a continuous pin bore extending through the coupler
knuckle.

10. The coupler knuckle of claim 9, wherein said plurality
of transverse layers formed in the nose section are spaced
apart, wherein a plurality of cavities are provided between
said spaced apart transverse layers, and wherein each one of
said plurality of cavities communicates with said pin bore.

11. The coupler knuckle of claim 9, wherein said knuckle
has a wall forming the exterior of the nose section, said wall
having an exterior surface forming an exterior surface of the
coupler knuckle, and said wall having an interior, said
interior connecting with said plurality of transverse layers.

12. The coupler knuckle of claim 1, wherein said trans-
verse layers are provided along a path parallel to the
forceload direction.

13. The coupler knuckle of claim 1, wherein said plurality
of transverse layers include a top layer, a bottom layer, and
two mid layers, wherein each mid layer extends from the
nose section of the coupler knuckle to the tail section of the
coupler knuckle, wherein each of said mid layers has at least
a portion thereof disposed in the knuckle interior and at least
another portion thereof that forms an exterior of said
knuckle.



